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(54)11tie: MICROBIAL M<»nTORING DEVICE 



(57) Abstract 

The present invention relates to a method for detecting the presence of respiring microoiganisms in a fluid. Hie method will consist 
of the following steps: CO placment of said flwd in a container in which said fluid is substantially isolated firom atmospheric oxygen. A 
sensor will dien be placed widiin said container, but not in direct contact witfi said fluid, which sensor composition will consist of fluorescent 
compounds that exhibits a reduction in fluorescent intensity when inradiattd witfi light containing wavetengdis; (ii) uradiating said sensor 
composition wid) light containing wavelengths will cause said fluorescent compound to fluoresce; (Hi) measuring or visually observmg 
the fluorescent light intensity from said fluorescent compound while irradiating said sensor compound with said light; (iv) comparing said 
measurement to that of a control not containing a respiring micro(»ganism, wherein said control is selected from the group consisting of: a 
reagent control not in contact with respiring microofganlsms and a caknilated dueshokl, wherein change in fluorescent intensity relative to 
die fluorescent intensity of die control is faidicative of Ihe presence of respiring microorganisms; and (v) in die event that no such increase 
is measured or observed, repeat steps (iiX (iii) and (iv) as needed, to detect die presence of respiring microorganisms in said fluid. 
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MICROBIAL MONITORING DEVICE 



10 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

This application is a continuatioQ*in-part of United States Serial Number 
15 08/025,899, filed on March 3, 1993 - which is continuation of 07/687,359, filed on 
April 18, 1991. 

2. Description of Related Art 

Our environment contains a multitude of microorganisms with which we are 
20 continuously interacting. These interactions can be beneficial, i.e., fermentations to 
produce wine, vinegar or antibiotics; neutral; or even harmful, as in the case of 
infectious diseases. The ubiquitous presence of these microorganisms, thus> creates 
a continuing need for the detection, identification and study of the presence and 
metabolic activity of such microorganisms. 

25 

While the science of microbiology has changed significantly in the last 25 
years, many procedures for the detection, identification and analysis of the behavior 
of microorganisms are still time consuming. For example, in the area of 
antimicrobic susceptibility testing nearly half of all testing in hospitals in the United 
30 States still use the Bauer-Kirby Disc Method. This method uses the presence or 
absence of visible growth of the microorganisms to indicate the eflBcacy of an 
antimicrobic compound, and generally requires an 1 8 to 24 hour incubation period 
to allow for microorganism growth before a result can be obtained. A decrease in 
the time required to obtain such antimicrobic susceptibility information is needed. 

35 

Another popular method for antimicrobic susceptibiUty testing is the brotli 
micro-dilution method, such as the Sceptor® System for identification and 
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antimicrobic susceptibility testing of organisms (Becton Dickinson EHagnostic 
Instrumentation Systems, Sparks, MD), The system uses a disposable plastic panel 
having a plurality of low volume cupulas (ca. 0.4 ml per cupula), each containing a 
different test compound or a differmt concentration of a test compound dried on the 

5 ciq)ula surface. The organism to be tested is suspended in tiie desired testing 
medium, and aliquots are delivered to tiie mdividual cupulas of the test panel. The 
reagent dried on the panel dissolves in the sample, and the system is tfien incubated 
overnight (18 to 24 hrs.) to allow suflBcient time for the organisms to interact with 
the reagrat and for visible growA to appear. The panel is subsequently examined 

10 visually for the presence or absence of growth, thereby obtaining information on the 
susceptibility of the organism undergoing testing. Additional wells aid in identifying 
the organism. However, this test method suffers from the drawback of also 
requiring a long incubation period. 

15 One approach to the reduction of the incubation time is to monitor metabolic 

activity of the microorganisms, rather than growth of colonies. Many approaches 
have been reported in the attempt to rapidly and accurately monitor such metabolic 
activity. 

20 For example, apparatus utilizing ligjit scattering optical means have been used 

to detennine susceptibility by probing the change in size or number of 
microorganisms in the presence of various antimicrobic compoimds. Commercial 
instruments utilizing tiiese principles are exemplified by the Vitec System 
(BioMerieux Corp.). This system claims to yield information on antimicrobic 

25 , susceptibility of microorganisms within 6 hours for many organism and drug 
combinations. Other combinations can require as long as 18 hours before the 
antimicrobic susceptibility of the organism can be determined by this machine. 

Additionally, modifications of the Bauer-Kirby procedure have been developed 
30 which allow certain samples to be read in four to six hours. However, such a 
system is "destructive" in nature, requiring the spraying of a developing solution of a 
color forming dye onto the test plate. Re-incubation and reading at a later time is, 
thus, not possible and if the rapid technique fails, the experiment cannot be 
continued for a standard evaluation at a later time. 

35 
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A bioluminescent method based on the quantity of ATP present in multiplying 
organisms has been described as yielding results of antimicrobic suscq)tibility 
testing in four and half hours for certain compositions (Wheat et al.). However, the 
procedure tends to be cumbersome and broad applicability has not been shown. 

5 

Other approaches have involved monitoring of microbial oxygen consimiption 
by the measurement of pH and/or hemoglobin color change, or by the use of dyes 
such as triphenyltetrazoUum chloride and resazurin, that change color in response to 
the total redox potential of the liquid test medium. 

10 

The monitoring of the consumption of dissolved oxygen by microorganisms, as 
a marker of their metabolism, has been studied for many years. For example, C.E. 
Clifton monitored the oxygen consimiption of microorganisms over a period of 
several days using a Warburg flask in 1937. This method measured the change in 
15 oxygen concentration in a slow and cumbersome manner. 

The "Clark" electrode, a newer electrochemical device, is also commonly used 
to measure dissolved oxygen. Unfortunately, the Clark electrode consumes oxygen 
during use (thereby reducing the oxygen available to the microorganisms) and the 
20 "standard" size electrode is typically used only to measure volumes of 100 mis or 
greater to prevent the electrode from interfering with the measurements. 

A "miniature" Clark electrode has been described, but this electrode is a 
complicated multi-component part which must, also, be in contact with the solution 
25^ to be measured. While an oxygen permeable membrane can be used to prevent the 
electrode components of the device from interacting with the constituents of the test 
solution, the oxygen must still equilibrate between the test solution and the 
measiu'ement system and is consumed once it passes the membrane. 

30 Optical systems which can yield oxygen concentration data, have been 

developed to overcome the shortcomings of the Clark electrode systems. The main 
advantage of such optical methods is that the instrumentation required to determine 
quantitative value does not itself make physical contact with the test solution. 
Optical techniques allowing both colorimetric and fluorometric analyses for oxygen 

35 to be carried out rapidly and reproducibly are known, and costs for such analyses 
are often quite low. For example, several luminescent techniques for the 
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detmnination of oxygen have been described which are based on the abihty of 
oxygen to quench the fluorescence or phosphorescence emissions of a variety of 
comi)ounds. However, such methods have not been adapted to microbial 
monitoring. 

5 

Other systCTos have been described that provide information on the presence, 
identity and antimicrobic susceptibility of microorganisms in a period of eight hours 
or less. Wilkins and Stones in U.S. Patent No. 4,200,493 disclose a system that 
uses electrodes and a hi^ impedance potentiometer to determine the presence of 

10 microorganisms. In U.S. 3,907,646 Wilkins et al disclose an analytical method 
which utilizes the pressure changes in the headspace over a flask associated with 
microbial growth for the detection and surveillance of the organisms. U.S. 
4^0.715 to Ahnell, discloses a system wherein the head space gas above a test 
sample is passed through an external oxygen detector for determination of the 

15 presence of microorganisms. Ahnell, in U.S. Pat. No. 4,152,213, discloses a system 
for analysis by monitoring the vacuum produced by growing organisms in a closed 
head space above a test sample. U.S. 4,1 16,775 to Charles et. al is an example of 
the use of of^cal means based on the increase in turbidity or optical density of a 
groMong microbial culture for the detection and monitoring of bacterial growth. A 

20 combined electro-optical measurement of birefringence of a test solution containing 
raiCTOorganisms is described in EPO 0092958 (Lowe and Meltzer). 

The increased incidrace of tuberculosis and the recent emergence of Multiple 
Drug Resistant (MDR) strains threatens the ability to control this disease. 
25^ Therefore, when a strain is resistant to two or more drugs, such as rifampin and 
tsoniazid, tfie course of treatment increases from 6 months to 24 months, and the 
cure rate decreases from almost 100% to less than 60%. 

Mycobacterium tuberculosis (TB) is a slow growing species. Generally, at 
30 three to five weeks of growth on solid or liquid media are required to produce 
enough cell mass for identification and susceptibility testing. The most commonly 
used susceptibility method for TB is the Modified Proportion Method (NCCLS 
M24-T). This method requires an additional three to four weeks of grovrth before 
the results are available. The total elapsed time for a find report is typical two 
35 months and may be as much as three months. 
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The BACTEC 460 instniment (Becton, Dickinson and Company, Franklin 
Lakes, NJ) can reduce these times considerably. The BACTEC method detects the 
presence of mycobacteria by Aeir production of radioactive CO2. The BACTEC 
system can also detect resistant organisms by their continuing production of 
S radioactive CO2 in the presmce of antimycobacterial drugs. 

It becomes apparent that a wide variety of methods have been applied to the 
detection and the antibiotic susceptibihty testing of microorganisms. Many of these 
methods can only yield usefiil data when monitored by instruments dedicated to this 

10 task. Thus there exists a need for a system which can allow determinations of the 
presence and behavior of microorganisms without the requirement of dedicated 
instrumentation. Further there exists a need for a system that will allow the 
determination of the effect of a compound such as an antibiotic on a sample of 
microorganisms in a short time that does not significantly alter the behavior of the 

IS microorganisms. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide an improved means to 
detect the presence of, and to evaluate the metabolic activity of, microorganisms 
presCTt in a liquid or semi-solid media. It is further an object of this invention to 
provide a microbial monitoring device or system which can be simply read and 
visually interpreted, and which permits results to be obtained in a shorter time 
p^od than previously attainable, nominally 6 hours or less. Additionally, it is an 
object of the invention to provide a means for detection and/or monitoring the 
activity of oxygen consuming enzymes or enzyme systems without the use of 
dedicated instrumentation. 

The above and related objects are realized by the processes of the instant 
30 invention. These processes use a fluorescence detection system wherein the 
fluorescing sensor compound is one which exhibits a quantifiable degree of 
quenching when exposed to oxygen. In one embodiment, the sensor compound may 
be brought into contact with the test sample (either directly or separated by an 
oxygen permeable membrane) and the fluorescence is measured or observed 
35 visually with appropriate aids. In another embodiment, an increase in fluorescence 
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is indicative of respiring aerobic microorganisms, which utilize (and thereby reduce) 
the oxygen in the sample. 

The sensor need not be in direct contact with the test sample: The only 
S requirement is that the test sample and srasor are in a container substantially 
isolated from atmosphoic oxygen so that the sensor can react to the 
presence/absence of oxygen in the container. 

The system can, thus, be used to detect a variety of respiring miaroorganisms. 
10 It is fuither anticipated that this system can be used to detect the presence of O2 
dependent compositions such as ewymcs. 

BRIEF DESCRIPTION OF THE FIGURES 

15 Figure 1 graphically depicts intensity of fluorescence as a function of time for 

indicators in contact with broth containing organisms and broth containing no 
organisms. 

Figure 2 graphicaUy depicts the intensity of fluorescence as a fiinction of time 
20 for indicators in contact with broth inoculated with different concentrations of 
microorganisms. 

Figure 3 graphically depicts the intensity of fluorescmce as a function of time 
for indicators in contact with broth inoculated with the same number of organisms 
25 but containing dififerent concentrations of phenol . 

Figure 4 graphically depicts the intensity of fluorescence as a function of time 
for indicators in contact with broth inoculated with the same number of organisms 
but containing different amounts of copper sulfate. 

30 

Figure 5A graphically depicts the fluorescence, as a function of indicators in 
contact with broth inoculated with the same concentration of microorganisms but 
different concentrations of cefwoxime. Some wells were covered with mineral oil 
to prevent oxygen from diffusing into the wells. The fluorescence is given as a 
35 percent of growth control 
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Figure 5B graphically depicts the fluorescence as a percent of the growth 
control in wells that are overlaid with oil or left open and measured at several 
diiferent times. 

S Figure 6 graphically depicts the intensity of fluorescence of mdicators in blood 

culture bottles when measured continuously over 16 hours. The arrows indicate the 
times when samples were removed in order to quantify the concentration of 
organisms present. 

10 Figure 7 depicts Ae data collected in the BACTEC® instrummt indicating the 

change in fluorescence intrasity indicative of the growth of P. aeruginosa 

Figure 8 depicts the data collected in the BACTEC® instrument indicating the 
change in fluorescence intensity indicative of the growth of M. fortuitum. 

15 

Figure 9 depicts flie data collected in the BACTEC® instrument indicating the 
change in fluorescence intensity indicative of the growth off. coli. 

DETAILED DESCRIPTION OF INVENTION 

20 

The process of this invention presents a quick, easy, and unambiguous method 
for the measurement and/or detection of respiring aerobic microorganisms by 
measurement or visual obs^i^tion of fluorescence. The fluorescent smsor 
compound is irradiated witfi li^t containing wavelengths which cause it to 
25 , fluoresce, and the fluorescence is measured by any standard means, or evaluated 
visually. 

The fluorescent compound must be one which exhibits a large quenching upon 
exposure to oxygen at concentration ordinarily found in the test liquids (generally 
30 0.4%). While virtually any such compound can be used, preferred fluorescent 
compounds of this invention are tris-2,2 -bipyridyl ruthenium (II) salts, especially 
the chloride hexahydrate salt (Ru(BiPy)3Cl2), tris-4,7-diphenyl-l,10-phenanthroline 
ruthenium (II) salts, especially the chloride (salt Ru(DPP)3Cl2), and 9,10- diphenyl 
anthracene (DPA). 

35 
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The fluorescent compound must be placed in chemical communication with tlie 
oxygen of the test sample to exhibit the quenching. This can be achieved by placing 
the compound directly in contact with the sample. However, in a preferred 
^bodiment the compound and sample are sq)arated from each other by Ae 

5 interposition of a mraibrane embedding material permeable to oxygen, and 
relatively impermeable to the oth^ sample components, between them, thereby 
prevrating the interaction of the sample and the compound. Neither die fluorescent 
compound nor the membrane in which the fluorescent compound is embedded need 
be in direct contact with the test sample, broth, or fluid, (the compound and sample 

10 must be substantially isolated from atmospheric oxygen, thereby preventing any 
false reading due to the presrace of atmospheric oxygen) but still pranitting reaction 
of the compound to the presence or absence of oxygen as a result of respiration of 
microorganisms. 

15 The system can be allowed to interact unobserved for a predetermined amount 

of time after which the presence or absence of fluorescence is observed and 
compared to appropriate control samples, yielding results that are often obtained 
with a single such observation. A particular benefit of this system, is that the 
measurement of fluorescence is non-destructive and if after a period of time (e.g. 4 

20 hours) the results are non-conclusive, the system can be re-incubated and read again 
at a later time. Further, while it is anticipated that the results will be compared with 
reagent controls, such is by no means necessary, and it is postulated that, by 
appropriate choice of fluorescent compounds, a sddlled technician or technologist 
would be capable of independratly detennining whether the results indicate the 

25 ^ presence of microbial activity. 

The detection of fluorescent intensity can be performed by any means 
ordinarily used for such measurements, e.g. a fluorometer. Alternatively, the 
fluorescent intensity can be observed visually and, optionally, compared with a 
30 reagent control (e.g. a system containing no live organisms or a system with no 
added test chemicals). Thus, the mediods can be utilized to both provide a 
quantitative measurement of relative activity, using a fluorometer, or a more 
qualitative estimate of such activity, by visual inspection. 

35 In a preferred embodiment of this invention, the fluorescent compound is 

chosen such that it will exhibit little or no fluorescence in the presence of oxygen. 



S 



wo 99/12348 



PCTAJS97/16496 



This obviates the need for a control, as the person performing the test would 
interpret any appreciable fluorescence (i.e. beyond that of any nominal background 
fluorescence) as indicative of the presence of microbial activity. Such results can be 
obtained by a fluorcMneter or other measurement means, or preferably, visual 
5 inspection, and provide a quick, qualitative estimate of such activity. Preferred 
fluorescent compounds for this embodiment include Ru(BiPy)3Cl2 and 
Ru(DPP)3a2. 

It has also been found that for systrais where the compound or compound 
10 embedded membrane is in contact with the fluid, test sample, or broth, while the test 
can be run in systems isolated from atmospheric oxygen, accurate results can also 
be obtained when the system is left exposed to atmospheric oxygen. In fact, this is 
desirable when the organisms are to be incubated for periods of time exceeding 2 
hours, as they would otherwise tend to consume all the dissolved oxygen in the 
15 system and subsequratly generate a false reading. Thus, the system of this 
invention is quite versatile, and can be used in a wide array of conditions. 

A fiirtiier benefit of the instant invention is that a unitized apparatus can be 
constructed. Briefly, the apparatus comprises a sample containing reservoir, or 

20 more commonly a plurality of identical reservoirs adapted to contain a test sample 
and other such liquid and soluble components (e.g. nutrients, etc.) as may be 
required by the particular application. The reservoirs also provide a fluorescent 
indicator element which monitors the oxygen levels of the solution. The indicator 
element of this invention uses a fluorescent compound known to show a large 

2S . quenching of its fluorescent emission when exposed to o^^gen. 

In a preferred embodiment of this invention, the fluorescent compound can be 
mixed and distributed throughout a plastic or rubber phase that is permeable to 
oxygen gas but relatively impermeable to water and non-gaseous solutes. Silicone 

30 rubber is a particulariy useful material for Ais application. When a test solution 
containing microorganisms is placed in such a sample reservoir, the metabolic 
activity of the organisms causes a reduction in the level of dissolved oxygen in the 
sample, and the sample will yield a higher fluorescent signal upon excitation. 
Sample liquids not containing microorganisms will not show a decrease in their 

35 oxygen levels and will only show low levels of fluorescence due to high oxygen 
quenching of fluorescence. 
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Alternatively, the oxygen sensitive fluorophore can be in a microencapsulated 
form or in the form of granules of an oxygen permeable material. It is also 
anticipated diat the fluorophore can be contained within a separately manufectured 

5 componoit such as a bead, disc, or prongs which can be separately introchiced into 
the test solution. The use of prongs is particularly advantageous as such prongs can 
be attached to a lid or other device to permit easy manipulation. In a preferred 
embodiment, a plurality of prongs can be attached to a single membrane, or other 
cover and thereby be maintained in an appropriate orientation such that they can 

10 simultaneously be placed into the reservoirs of a base containing a plurality of 
sample res^oirs. By choice of appropriate materials, the prongs can be made 
impermeable to the indicator molecules and to microorganisms in the sample, but 
pmneable to oxygen. 

15 The fluorophore can also be in a liquid phase separated from the solution being 

analyzed by a membrane that is impermeable to the indicator molecules and to 
microorganisms in the sample but which is permeable to oxygen. Additionally, less- 
sensitive s^ors can be fabricated by using less O2 permeable polymers or by using 
compounds with shorts excited-state lifetimes. 

20 

Further, the methods of this invention can be used to test the susceptibility of a . 
microorganism to a compound, such as an antibiotic, which is capable of severely 
inhibiting the growth and/or the metabolic activity of organisms. The increase in 
fluorescent signal normally caused by the organism will be suppressed in the 
25 ^ presence of such compounds. The behavior of the fluorescent signal from a 
reservoir wiU demonstrate the ability of the test component to negatively effect the 
normal oxygen consmiQ>tion of the organism <idded to the reservoir. 

In addition, any of the embodiments discussed above may be utilized so that 
30 the sensor, fluorescent compound, or the membrane in which it is embedded need 
not . be in direct contact with the test sample, fluid, or broth in which the 
microorganisms may be present. In such case, the sensor, compoimd or membrane 
in which it is embedded need only be in the same container with the test sample, 
fluid or broth and that they be substantially isolated from atmospheric oxygen to 
35 ftinction as an indicator of the presence or absence of respiring microoganisms. 

10 
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EXAMPLES 

The following examples illustrate certain preferred embodiments of the instant 
S invention but are not intended to be illustrative of all embodiments. 

EXAMPLE L Preparation of an Oi-Saisitive Indicator Microtitration Tray 

The fluorescoit compound tris 4,7-diphenyl-l,10- phenanthioline ruthenium 
(EL) diloride (Ru(DPP)3Cl2) was synthesized using the procedure of Watts and 

10 Crosby (J. Am. Chem. Soc. 93, 3184(1971)). A total of 3 .6 mg of the compound 
was dissolved in 2.0 ml dimethyl sulfoxide (D-5879, Sigma Chemical St. Louis 
MO) and the resultant solution was then added slowly, with stirring, to 1300 ml 
silicone rubber forming solution (Water Based Emulsion #3-5024, Dow Coming 
Midland MI). A 35 microliter aliquot of die mixture was subsequently dispensed 

15 into each well of a 96 well, flat bottom, white microtiter tray (#011-010-7901. 
Dynatech Chantilly VA), and the system was subsequently cured overnight in a low 
humidity (less tiian 25% RH), 60°C incubator. After curing, the trays were washed 
by eitfier soaking or by filling and ranptying each well several times with each of the 
following reagents; a) absolute ethanol, b) 0.1 M phosphate buffer pH 7.2, c) hot 

20 distilled water (about 45''C) and d) ambient temperature distilled water. 

Subsequently, 1 50 microliters of a Broth A, consisting of 35% Mueller Hinton 
II (BEL #124322, BD Microbiology Systems, Cockeysville MD), 15% Brucella 
(BBL #11088), and 50% distilled water, was dispaised into each well of the tray, 
25 and the tray was then placed in a glove box containing the desired concentration of 
oxygen, mixed with nitrogen to obtain a total pressure of 1 atm. The tray was kept 
in the glove box for at least 24 hours, after whidbi it was covered with an adhesive 
backed mylar sheet and removed. 

30 The fluorescent emissions of the fluorescent compound in the bottom of each 
well of the tray was then measured using a Perkin-Elmer LS-5B equipped with a 
microtiter reader attachment at the following instrument settings: 485nm excitation 
wavelength, 550nm cut-on filter in the emission window, lOnm excitation slit, and a 
Snm emission slit. The results are presented in Table 1 . 

35 
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TABLE 1 

Fluorescence of Tray Equilibrated with Various 
Oxygen Gas Levels 



5 Trav Average Reading % Oxygen in Mixture 

(balance Nitrogen) 

1 803 0.00 

2 759 0.28 

3 738 0.53 
10 4 524 2.45 

5 484 3.40 

6 445 5.35 

7 208 20.9 



15 As shown, it can be observed diat indicators in wells in trays equilibrated in 

atmospheric air (Tray 7) displayed a much lower fluorescent signal than wells 
equilibrated with gas mixtures containing lower concentrations of oxygen (Trays 1- 
6). This indicates that the fluorescent emission of the fluorescent indicator 
compound embedded in the silicone rubber is related to oxygen concentration and 

20 that the system can be easily equilibrated with changing oxygen levels. The system 
allowed 96 sample wells (containing 0.1-0.3 ml sample) to be contained in a single 
unit that is easily manipulated. 

EXAMPLE 2. Use of Indicator System to Measure Relative O2 Concentration 
25 . Produced by a Reducing Agent 

The O2 concentration in wells of an hidicator Microliter tray produced as in 
Example 1 was varied by the addition of a strong reducing agent, sodium sulfite 
(which reduces O2 content). A 150 microliter aliquot of the reducing agent (at 
concentrations ranging firom O to 1083 parts per million (ppm) sulfite ion in water) 
30 was pipetted into wells of the tray. Each well was allowed to react for 30 minutes, 
open to the atmosphere, and the fluorescence of the indicators measured in a 
Fluoroskan H Fluorometer (Flow Laboratories, McLean VA), having an excitation 
bandpass filter at a wavelength of 460 nm and an emission cut-on filter at 570 nm. 
The results are presented in Table 2. 

35 
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TABLE 2 

EfiFect of Sodium Sulfite on Fluorescence 
ppm sulfite ion Fluorescence Intensity * 

0 3090 
65 3513 
163 3545 
325 4033 
542 11571 
1083 11863 



10 *Mean of 4 wells 



As shown, the wells containing the higjiest concentrations of reducing agent 
(and, consequently, the lowest O2 concentration) have the hi^est fluorescence 
intensity, thus demonstrating the relationship between O2 concentration and 
15 fluorescence. 

EXAMPLE 3. Use of Indicator System to Determine the Presence of a 
Microorganism 

A 0.5 McFarland suspension of E, coH (ATCC #25922), containing about 1 .5 x 
20 108 CFU/ml, was prepared using an A-Just nephelometer (Abbott Labs, Chicago 
IL). The suspension was diluted to about 1 x 10^ CFU/ml in Broth A (see Example 
1). A 150 microliter aliquot of diis suspension was placed into indicator tray wells 
prepared as in Example 1, and subsequCTtly incubated at 37''C. At intervals, the 
fluorescence was measured in a Fluoroskan U fluorometer over the period of 1 - 3 
25 ^ 1/2 hours. An increased fluorescence signal was observed over time as shown in 
Figure 1 . The fluorescaice signal from wells containing no organisms showed very 
httle change. The wells containing organisms were significantly brighter when 
visually observed under a UV li^t source. Thus, it appears fliat the metabolic 
activity of the organisms in the wells caused the fluorescence signal to increase 
30 (presumably by decreasing the O2 concentration). 

EXAMPLE 4. Dependence of Fluorescence Change on Organism 
Concentration 

A 0.5 McFarland suspension of E. coh (ATCC #25922) in sterile trypticase 
35 soy broth (TSB, BBL #11768) was made using an A Just nephelometer (Abbott 
Labs. Chicago IL). A series of E. coli suspensions ranging from 1 x lO'' CFU/ml to 
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about 10 CFU/ml were made by making serial dilutions. A 200 microliter aliquot of 
each suspension was placed into 8 wells of an indicator tray prepared as in Example 
1. The tray was then incubated at 3TC and the fluorescence measured every 30 
minutes in a Fluoroskan n fluorometer. The fluorescence of the 8 wells were 

5 averaged and corrected by subtracting the background fluorescence of a sterile TSB 
well. The change in fluorescence over time is shown in Figure 2. 

As shown, a change in the starting concentration of the organism by a factor of 
10 (one log unit) caused a delay of about 1 hour for the fluorescence in the well to 
exceed 2000 fluorescence units. It is postulated that this delay is due in part to the 

10 fact that the system is open to the atmosphere. Oxygen in the air can and does 
freely difiuse into the medium in an attempt to replace diat consumed by the 
miCTOorganisms. It is fiirdier postulated tibat only when the organisms are present in 
or have multiplied to sufficient numbers and are metabolically active enough to 
consume oxygen at a rate approximating or faster than the rate at which oxygen 

IS difiuses into the test solution, will the fluorescent signal generated by the indicator 
element in the bottom of the reservoir show an increase. 

EXAMPLES. Preparation of an Indicator Microtitration Tray with an 
Alternate Fluorescent Indicating Molecule 

20 A 96 well Microtiter tray was produced essentially as in Example 1, except 

that tris-(2,2' bipyridyl)-nithenium (II) chloride hexahydrate (Aldrich Chemical 
Company, Milwaukee, WI) [Ru(BiPy)3Cl2l was substituted for Ru(DPP)3Cl2 in the 
silicone mixture. A second tray containing 9,10-diphenyl anthracene (DPA) was 
also prepared. All wells were charged with 150 ul of 1 x lO'' CFU/ml E. coU 

25 (ATCC #25922) in broth. Table 3 lists the results at 0, 1, 2, 3, and 4 hours after 
addition of organisms. 



TABLE3 



30 



Fluoresc^ce Counts for Devices with Different Fluorophores 
Fluorescent Compound Silicone Ohr. I hr. 2 hr. 

Ru(DPP)3Cl2 (Ex. 3) A 2300 2315 2560 

Ru(BiPy)3Cl2 (Ex. 5) A 2866 - 3449 

DPA (Ex. 5) A 1300 - 1385 

Ru(DPP)3Cl2 (Ex. 6) B - 995 4334 




3951 



3775 



1456 



8329 



9000 



4109 



3508 



1572 



A = Dow-Coming 3-5024 water-based silicone 



35 



B = Wacker white SWS-960+ silicone 
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As shown, both fluorescent sensor compounds exhibited large increases with 
fluorescence over tune» indicating their suitability for use in this system. 

EXAMPLE 6. Preparation of an Indicator Microtitration Tray Using an 
5 Alternative Silicone 

To demonstrate that the fluorophore can function when embedded in a different 
matrix, a 96 well Microtiter tray was produced essentially as in Example 1 . In this 
experiment, 10 ul of white SWS-960 RTV silicone (Wacker Silicones, Adrian MI) 
ccHitaining 10 milligrams of Ru(DPP)3Cl2 per liter was dispensed into each well of 
10 the tray and allowed to cure. No wash steps were performed on the resultant tray. 
The results are presented in Table 3. As in Example 1 , wells containing 1 50 ul of 1 
X 107 CFXJ/ml E. coH (ATCC #25922) in broth had a much greater fluorescent 
intensity after several hours at 'iT Centigrade. 

15 EXAMPLE 7. Effect of Toxic Substances on the Oxygen Consumption of 
Microorganisms 

A suspension containing about 3 x 10^ CFU/ml» of Pseudomonas aeruginosa 
(ATCC #10145) in Broth A was prepared using an A-Just nephelometer A total of 150 
ul of the suspension was placed in each well of the indicator trays prepared as in Example 
20 1; these suspensions were then diluted with solutions of phenol or copper sulfate (which 
are deleterious to microbial growth) to a final concentration of 1.5 x 10^ CFU/ml. The 
tnr/s were incubated at 37^C and their fluorescence measured in a Fluoroskan II at 10 
minute intervals. Figures 3 and 4 show the effect of phenol and copper sul&te on the 
response of the system. 

As shown, at high levels of additives, growth was suppressed and Ae fluorescence 
did not increase with time. Wells containing phenol at 1 gram/liter or more, and copper 
sul&te at greater than SOO mg/liter, had no increase in fluorescence signal at times less 
than two hours, indicating absence of actively metabolizing organisms. Thus, 
30 measurement of oxygen consumption can be used to probe the metabolism of the 
organisms. 

EXAMPLE 8. Effect of Antibiotics on E. coU. 

A 0.5 McFarland suspension of E. coli (ATCC #25922) in Broth A (see Example I) 
35 was prepared using an A- Just nephelometer. The suspension was diluted to i x 10^ 
CFU/ml in wells of an indicator tray prepared as in Example 1 containing the antibiotics 

15 
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ciprofloxaciiu cefoxitin and cefiiroxime at final concentrations of 0.5 to 8 ug/ml. The 
trays were incubated at 3T*C for 4 hours and their fluorescence measured in a Fluoroskan 
II fluorometer. The results are presented in Table 4. 

TABLE 4 

Fluorescence from an Indicator Tray Containing 
E. cog and Antibiotics 
Rdatwe Fluorescence at 4 hrs. 





Antibiotic 






Concentiation fue/mL) 


Ciprofloxacin 


Cefuroxime 


Cefontin 


0.5 


2537 


7902 


8181 


1 


2621 


7983 


8270 


2 


2461 


7161 


7120 


4 


2527 


7598 


3592 


8 


2424 


6469 


2974 



As shown at all concentrations^ the E. coH was sensitive to ciprofloxacin and 
low fluorescence counts were observed. The E. coli was resistant to the 
concentratims of cefuroxime and higjh fluorescence counts were obsarved. The E. 
coli was resistant to the 0.5, 1, and 2 ug^l concentrations of cefoxitin and high 
counts were observed, but it was sensitive to the higher concentrations of cefoxitin 
and low counts were observed for 4 and 8 ug/ml. Thus, there is a correlation 
between the fluorescence and antibiotic concentration, demonstrating that the 
system of this invention can be used to assess the effects of antimicrobics and to 
determine the minimum effective concentration compositions. 

EXAMPLE 9. Effect of Antibiotics on the Oxygen Consumption of E. coli with 
Ru(BIPy)3Cl2 Fluorescence Indicator 

A 0.5 McFarland suspension of E. coli (ATCC #25922) in Broth A (see 
Example 1) was prepared using an A-Just nephelometer. The suspension was 
diluted to I X 10? CFU/ml in wells of an indicator tray prepared as in Example 5 
(Ru(BiPy)3Cl2 indicator) containing the antibiotics ciprofloxacin, cefoxitin and 
cefuroxime at final concentrations of 0.5 to 8 ug/ml. The trays were incubated at 37 
for 4 hours and their fluorescence measured in a Fluoroskan II fluorometer. The 
results are Usted in Table 5. 
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Tables 



5 


Fluorescence from an Indicator Tray Containing 




E. coli and Antibiotics 








Relative Fluorescence at 4 hrs. 






Antibiotic 








Concentration fusMiL) CifnrolBoxadn Cefiiroxime 


Cefoxitin 


10 


0.5 507 


1155 


1171 




1 428 


1539 


1491 




2 308 


1183 


1338 




4 403 


1170 


832 




8 323 


1194 


559 



15 



As shown, as in Example 8, at these concentrations the R coU is sensitive to 
ciprofloxacin and low fluorescence counts were observed. The E. coH is resistant to 
these concentrations of cefiiroxime and hi^ fluorescence counts were observed. 
20 The E. coli is resistant to the 0.5, 1, and 2 ug/ml concentrations of cefoxitin, high 
counts were observed; it was sensitive to higher concratrations of cefoxitin and 
lower counts were observed for 4 and 8 u^ml. Thus, the results indicated that 
Ru(BiPy)3Cl2 can also be used in a fluorescence indicator. 

EXAMPLE 10. Effect of Antibiotics on the Oxygen Consumption of 
Microorganisms Using DPA Fluorescence Indicator 

A 0.5 McFariand suspension of E. coU (ATCC #25922) in Broth A was 
prepared using an A-Just nephelometer. The suspension was diluted to 1 x 10^ 
30 CFU/ml in wells of an indicator tray prepared as in Example 5 (DPA indicator) 
containing the antibiotics ciprofloxacin, cefoxitin and cefiiroxime at final 
concentrations of 0.5 to 8 ug/mL The trays were incubated at 3TC for 4 hours and 
their fluorescence measured in a Fluoroskan II. The results are presented in Table 
6. 

35 
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The "closed system" overlaid with mineral oil did not show an efiFect on 
oxygen consumption by the 4 and 8 ug/ml concentrations of antibiotic while those 
wells with no mineral oil showed correctly that this organism is sensitive to 
cefiiroxime at these ccmcentrations. This difference is due, presumably to the time 
5 lag needed for the antibiotic to affect the organism; it is believed that during tfiis 
time the oxygen is brought to an artificially low level by the ongoing metabolic 
activity of the organisms. 

Thus, to utilize the invration with optimimi sensitivity for the detection of the 
10 effect of toxins on organisms, tiie sample reservoir permits the influx of oxygen. 



EXAMPLE 12. The Effect of Sample Volume on Indicator Trays 

A 0.5 McFarland suspension of E. coU (BDMS Culture collection #7133) was 
diluted to 1 x I07 CFU/ml in Broth A. Different volumes (fi-om 10 ul to 300 ul) of 
15 the diluted suspension were placed into wells of an indicator tray produced as in 
Example 1 . The tray was incubated at 37''C and the fluorescence measured in a 
Fluoroskan II at 30 minute intervals. Fluorescence firom the same volume of sterile 
broth was subtracted to give the fluorescence change cause by the microorganism. 
The results are presented in Table 7. 
20 Table 7 

Effect of Sample Volume on Indicator Tray Fluorescence 
Relative Fluorescence 



Sample Volume (ul) 


Ohr. 


Ihr. 


2hr. 


2.5hr. 


31^. 


3,5hr, 


4hr. 


10 


0 


0 


0 


0 


0 


4 


139 


20 


0 


0 


275 


795 


814 


1218 


1958 


40 


0 


245 


683 


1883 


2108 


2613 


3240 


60 


0 


80 


1559 


3497 


4847 


6226 


6827 


80 


0 


82 


1798 


5340 


8333 


8810 


8801 


100 


0 


31 


1848 


5952 


7672 


7962 


7961 


125 


0 


103 


2798 


6286 


7580 


7852 


7852 


ISO 


0 


32 


2539 


6005 


6568 


6759 


6886 


175 


0 


51 


2574 


6149 


6993 


6987 


6798 


200 


0 


59 


2376 


5355 


5742 


5944 


5826 


250 


0 


IIS 


2172 


5373 


5695 


5822 


5759 


300 


0 


107 


2538 


4650 


4727 


4825 


4778 
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Table 6 

Fluorescence from an Indicator Tray Containing 
E. coH and Antibiotics 
Relative Fluorescence at 4 hrs. 
Antibiotic 

Concentration fue/mL) Ciprofloxacin Cefiiroximc Cefoxitin 
0.5 91 183 192 

1 109 197 173 

2 94 195 164 
4 74 160 101 
8 68 161 95 

As shown, at these concentrations the E. coii is sensitive to ciprofloxacin and 
15 low fluorescence counts were observed. The E, coli is resistant to these 
concentrations of cefuroxime and higt fluorescence counts were observed. The E. 
coli is resistant to the 0.5, 1, 2 ug/ml concentration of cefoxitin, higji counts were 
observed; it was sensitive to higher concentrations and lower counts were observed 
for 4 and 8 ug/ml as in Examples 8 and 9, indicating that DPA is also useful as a 
20 fluorescence indicator. 



EXAMPLE IL Effect ofOpcn and Closed Systems on Oxygen Measurements 
A 96 well indicator microtiter tray was produced substantially as in Example 1 . 
Ehiplicate wells in the tray were supplemented with the antibiotic cefuroxime in the 

25 concentration range of 0.25 to 32 ug/ml. One hundred and fifty microHters of a 
suspension of E. coH (ATCC #1 1775) was added to the wells to yield about 3 x 10^ 
CFU/ml, One of each duplicate well was overlaid with mineral oil to inhibit 
difiusion of oxygen into the wells, the other duplicate was left open to the air. The 
tray was incubated at 37'*C for 5 hours, the fluorescence was measured in a 

30 Huoroskan II fluorometer and that fluorescence was compared with the average of 
several wells containing no antibiotic to yield a percent of the growth control at each 
antibiotic concentration. Figure 5A shows the behavior of the open and covered 
wells at five hours as a function of cefuroxime concentration. Figure 5B shows the 
change in fluorescence of the growth control wells when open or overlaid with 

35 mineral oil. 
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Briefly, it was observed that those wells with 40 ul or less of sample showed 
less than 1/2 the increase in relative signal observed in wells with 80 ul or more at 
times of 2 hours or more. It is believed that in the wells containing 40 ul or less, too 
little volume was present for the organisms to effectively consume oxygen fester 
5 than it could difiuse into the small volumes of sample. 



EXAMPLE 13. Use of Indicator System Without a Fluorometer 

Indicator trays were prepared using the same fluorescent compound and 
silicone as in Example 1 . However, the trays were made of clear plastic and the 

10 wells had round bottoms (#4-391 8-2, BD Labware Lincohi Park NJ). Two 

nanograms of Ru(DPP)3Cl2 in 10 ul of silicone were placed in eadi well of the tray 
and no wash steps were performed. Samples of ^ aeruginosa (EDMS Culture 
collection #N1 1 1) and E. coH (ATCC #25922) were diluted to Broth A (see 
Example 1 ) 1 x 1 0^ CFU/ml in Broth A containing either 0 to 32 ug/ml cefuroxime, 

IS 0.12 to 8 ug/ml ciprofloxacin pr 0 to 32 ug/ml cefoxitin and charged to the trays. 
The trays were incubated for 4 hours at 37''C and subsequently placed on the sts^e 
of an ultraviolet transilluminator (#TX-365A, Spectronics Corp., Westbury, NY) 
which served as an excitation source. The resulting fluorescence was observed from 
directly above the trays at a distance of 1 foot through a 550 cut-on filter (#LL-550- 

20 S-K962, Coiion, HoUiston, MA). It was readily observed that wells which 

contained either no antibiotics or concentrations of antibiotics that did not affect the 
organisms demonstrated a high level of fluorescence. Wells with either no 
organisms or higher antibiotic levels had a much lower level of fluorescence. The 
lowest concentration of antibiotic to significantly lower the fluorescoit emissions for 

25 each organism is shown in Table 8 along with the MIC concentration determined 
using an overnight microdilution antimicrobial susceptibility test. 

TABLE 8 

Fluorescence Results Obtained Without Use of an Instrument 
30 MIC 

Cefuroxime Ciprofloxacin Cefoxitin 

Visual Reference Visual Reference Visual R eference 
Ps. aeruginosa >64 >64 1 0.5 >64 >64 

E. coli #25922 16 8 <0.12 <0.12 8 4 

35 
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EXAMPLE 14. Use of Indicator to Detect the Presence of a Low Level of 
Bacteria In a Medium Containing Blood 

Tissue culture flasks (Falcon #3084, BD Labware, Lincoln Park NJ) were 
prepared with one side coated with 3 mis of Dow Coming Water-based Emulsion 

5 containing 68 ng of Ru(DPP)3Cl2. The flasks were sterilized using ethylene oxide. 
One hundred thirty five mis of TSB broth (BBL #11768) containing about 0.05 
CFU/ml E.coH (ATCC #25922) and 15 mis of defibrinated sheep blood was added 
to one of the flasks. A control flask contained 135 mis of TSB and 15 mis of blood 
but no organisms. The caps of the flasks w«e loosened to allow air circulation and 

10 the flasks were incubated at 37"C in an upright position. A fiber optic probe 
allowed the fluorescence ftom the flasks to be measured by a Peridn Ehner LS-5B 
spectrofluorometer located several feet from the incubator. The fluorometer 
measured Ae flasks at 485 nm excitation wavelength with a 10 nm slit width and a 
550 nm cut-on emission filter. A strip chart was attached to the fluorom^ and the 

15 fluorescence monitored continuously for 16 hours. At 7.5, 10.5 and 16 hours during 
the incubation period a 100 ul aUquot was removed from the test flask, diluted 1 :100 
in sterile TSB and 100 ul of the dilution was spread on each of three TSA plates to 
determine the number of CFU/ml present in the flask. The results are graphicaUy 
depicted in Figure 6. 

20 

As shown, flie non-invasive techniques of this invention can be used for the 
detection of organisms in blood, a vMy critical and demanding task. The flask 
contained a very cloudy and turbid sohition which is continuously monitored for 
sixteoi hours, and measurement of fluorescence showed a direct correlation to the 
25 growth of organisms. This growth was readily drtected by 1 1 hours, when the 
concentration of organisms had just exceeded 1 0^ CFU/ml. 

EXAMPLE 15. Indicator Coated on the Spherical Ends of FAST Tray Lid 
Prongs 

30 This example monitored bacterial respiration with oxygen indicators coated on 
the spherical ends of FASTT tray (Becton Dickinson) hd prongs. Three different 
indicators were evaluated. 

The first indicator prepared was a mixture of I ml of 2 mg/ml dichloromethanc 
35 solution of Ru(DPP)3Cl2 and 10 ml Dow-Coming 3-5024 water-based silicone 
emulsion. The spherical ends of FAST tray lid prongs were dipped into a shallow 
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reservoir of the indicator solution, removed, placed prong side down in a rack, and 
allowed to cure by evaporation. The second indicator was prepared by mixing 3 mL 
Wacker SWS-960 clear silicone dispersion, 6 mL petroleum edier, and 0.5 mL of 
the 2 mg^ dichloiomethane solution of Ru(DPP)3Cl2- The spherical ends of 
FAST tray lid prongs were coated with this indicator in the same manner as witii the 
first indicator and allowed to cure by evaporation of the solvents and reaction with 
atmospheric moisture. The third indicator was prepared in the same manner as the 
second but Wacker SWS-960 white silicone was used. 

A 1 X 107 CFU/mL suspension of E. coH ATCC #25922 in Mueller Hinton 
broth was prepared; 150 microliter aliqwts were pipetted into the odd numbered 
rows of a microtiter tray, while 150 microliter aliquots of uninoculated Mueller 
Hinton broth were pipetted into the wells of the even numbered columns. The lids 
containing the indicator coated prongs were placed on the trays. The lidded trays 
were placed in a 3TC hi^ humidity incubator for 3 hours. 

Following the toee hour incubation, the trays ware placed on a transparent 
glass plate. A mirror was positioned below the glass plate in such a manner that the 
bottom of the tray was visible in the mirror. A 365 nm ultraviolet source which 
evenly illuminated the entire tray was positioned about one inch from the top of the 
tray. A box, with a small window through which the mirror could be seen, was 
placed over tfie assembly to block room light, and a 550 nm cut-on filter was placed 
in the box window. With tiiis assembly the fluorescence firom the indicator coated 
spherical ends of tiie FAST tray lid prongs could be visualized through the tray 
bottom. Table 9 contains the results of visual observations of the trays evaluated in 
tfiis manner. 

TABLE 9 

Visual Observations of tadicator Coated Lid Prongs 

Viewed Through Tray Bottoms 
Silicone Observations 
Dow-Coming Very bright fluorescence from 

spheres immersed in organism 
containing wells. Very weak 
fluorescence from prongs in 
uninoculated wells. 
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TABKE 9 rcontinued> 

Visual Observations of Indicator Coated Lid Prongs 
Viewed Throu^ Tray Bottoms 

Some visible differoice between 
prongs immersed in inoculated 
and uninoculated wells. Dif- 
ference much less observable 
than with Dow-Coming indicator. 

Veiy bright fluorescence from 
spheres immersed in inoculated 
wells, intensity about equal to . 
Dow-Coming indicator. Some 
weak fluorescoice from spheres 
in uninoculated wells. 

Thus, all three indicator systems produced desirable results, with the Dow 
20 Coming and Wacker White exhibiting much more distinguishable differences 
between the inoculated and uninoculated wells. 

EXAMPLE 16. Indicators Consisting of Ru(DPP)3Cl2 Adsorbed on Silica Gel 

Particles Embedded in UV Cured Silicone Rubber 
25 Indicators were prepared by adsorbing Ru (DPP)3Cl2 onto silica gel particles 

and embedding these particles into Loctite Nuva-Sil silicone rubbers. A variety of 
* indicators were prepared using silica gel particles of difieroit mesh sizes, different 

amounts of adsorbed fluorophore, different ratios of silica gel to silicone, and two 

types of Loctite Nuva-SU (Nuva-Sil 5091 and Nuva-Sil 5147). Table 10 contains 
30 the characteristics of the indicators prepared and the visual results obtained from the 

indicators in contact widi microorganism suspensions. An exemplary procedure 

used for the preparation of the indicators is presented below. 

Ten grams of 100-200 mesh Davisil silica gel (Aldrich, Milwaukee, Wl) was 
35 weighed into a 500 mL round bottom evaporation flask. Forty three milltUters of a 
0.14 mg/mL ethanol solution of Ru(DPP)3Cl2 was pipetted into tlie flask. The 
ethanol was removed by rotary vacuum evaporation resulting in the adsorption of 



Wacker Clear 

10 

Wacker White 

15 



23 



W09!g/12M8 



PCTAJS97/16496 



the Ru(DPP)3Cl2 on the silica gel at a concentration of 0.6 mg Ru(DPP)3Cl2/gm 
silica gel. Four grams of this silica gel were mixed with 16 g Lx)ctite Nuva-Sil 5091 
(Loctite, Newington, CT) resulting in a 20% w/w silica/silicone ratio. Twenty-five 
microliter aliquots of this mixture were pipetted into the wells of a microtiter tray. 
5 The silicone was cured by exposure to high intensity ultraviolet radiation for 1 S 
seconds in a Loctite Zeta 7200 UV curing chamber. The other mdicators in Table 
10 were similarly prepared. 



To evaluate the indicators, 150 microliters of a 1 x 10? CFU/mL suspension of 
10 E. coU (ATCC #25922 in Mueller Hinton II broth (BBL) was pipetted into selected 
wells of the microtiter tray; uninoculated broth was pipetted into other wells. The 
tray was incubated in a high humidity 35''C incubator for 3 hours. To visualize the 
fluorescence fi-om the indicator the tray was placed on the stage of a 365 nm UV 
transilluminator; the fluorescence from the indicator was observed from above 
15 through a 550 nm cut-on filter. A sign in the Response column of Table 10 
indicates that a visibly discernible increased fluorescence was observed from the 
wells containing the organism. 



TABLE 10 

20 Indicator Formulations and Responses 

Mesh mg 

Size Ru(DPPl2Cl2/g Silica Wt % SiHca Silicone Response 

60-100 0.2,0.4,0.6 5.10,20 5091,5147 +* 

100-200 0.2,0.4,0.6 5,10,20 5091,5147 +♦ 

25 ^ 200-425 0.2,0.4,0.6 5,10,20 5091,5147 +♦ 

^Represents result from all 18 trials (9 each for SiUcone 5091 and 5147). 

In replicate trials utilizing wells with no microorganisms, the indicators 
displayed little or no light (although at higher (0.6 mg/gm) concentrations of 
30 indicator, a dim fluorescence was noted). 

It is apparent that many modifications and variations of this invention as 
hereinabove set forth may be made witliout departing from the spirit and scope 
hereof. The specific embodiments described are given by way of example only and 
35 the invention is limited only by the terms of the appended claims. 
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EXAMPLE 17. Oxygen sensor not in direct contact with sample fluid 

Test vials (80 mL volume) containing 60 mL of media and oxygen sensor (OS) 
were inoculated with the following organisms: Pseudomonas aeruginosa, 
Mycobacterium fortuitum and Escherichia coli. The vials were connected to 80 mL 

5 vials without broth with oxygen impermeable rubber tubing. The vials were then 
entered into adjacent stations in a BACTEC® 9240 instrument. Data was collected 
on the two vials over a 50 hour period. The results of these tests are presented in 
Figures 7 duoug^ 9. Figure 7 depicts the data collected in the BACTEC® 
instalment indicating the change in fluorescence intensity indicative of the growth of 

10 P. aeruginosa. Figure 8 depicts the data collected in the BACTEC® mstrument 
indicating the change in fluorescence intensity indicative of the growth of M 
fortuitum. Figure 9 depicts the data collected in the BACTEC® instrument 
indicating the change in fluorescence intensity indicative of the growth of E. coli. 
For each of the figures the bold line in these figures represent the data collected in 

IS the vials containing brodi; the light lines represent the data collected by the sensor 
that is not in direct contact with the liquid broth. In all three cases, oxygen 
consumption was observed in the vials without broth. The pattern of oxygen 
consumption exhibited in these vials indicates logarithmic oxygen consumption 
which is indicative of microbial growth. 

20 

The data shows that the OS was used for the detection of microbial growtli in 
the absence of direct broth to sensor contact. The detection delays observed in the 
vials without media are related to this particular test configuration. One having 
ordinary skill in this art would be able to optimize the parameters of the system, by 
25 of example and not limitation, such as, by reducing the headspace volume and 
oxygen concentration would result in improved sensitivity and make the 
measurements made without- direct contact* of liquid broth (gas phase) more 
comparable widi die measurements made with contact of the Uquid broth (liquid 
phase). 
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In the Claims : 

1 . (amended) A method for detecting the presence of respiring 
microorganisms in a fluid comprising: 
S (i) placing said fluid in a container in which said fluid is 

substantially isolated from atmospheric oxygen and placing within said container, 
but not in direct contact with said fluid, a sensor composition which comprises a 
fluorescent compound that exhibits a reduction in fluorescent intensity, when 
irradiated with li^t containing wavelengdis which cause said compound to 
10 fluoresce, upon exposure to oxygen, wherein the presence of the sensor composition 
is non-destructive to the microorganism; 

(ii) irradiating said sensor composition with light containing 
wavelengths which cause said fluorescent compound to fluoresce; 

15 

(iii) measuring or visually observing the fluorescent light intensity 
from said fluorescent compound while irradiating said sensor compound with said 
light; 

20 (iv) comparing said measurement to that of a control not containing a 

respiring microorganism, wherein said control is selected from the group consisting 
of: a reagent control not in contact with respiring microorganisms and a calculated 
threshold, wherein change in fluorescent intensity relative to the fluorescent 
intensity of the control is indicative of the presence of respiring microorganisms; 

25 

(v) in the event that no such increase is measured or observed, 
repeat steps (ii), (iii), and (iv) as needed, to detect the presence of respiring 
microorganisms in said fluid. 

30 2. The method of Claim 1 wherein said fluorescent compound is 

contained within a matrix which is relatively impermeable to water and non-gaseous 
solutes, but which has a high permeability to oxygen. 

3. The method of Claim 2 wherein said matrix is a rubber or plastic 
35 matrix. 

4. The method of Claim 2 wherein said matrix is a silicone ntbber matrix. 
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5. The method of Claim 2 wherein said fluorescent compound is adsorbed 
on soHd sihca particles. 

6. The method of Claim 1 wherein said fluorescent compound is a tris-4, 
5 7-diphenyl-l , 1 0-phenantfaroline ruthenium (n)salt. 

7. The mediod of Claim 6 wherein said flucmscent compound is lris-4 J- 
diphenyl-UIO-phofiantfaroline ruthenium (II) diloride. 

10 8. The method of Claim 1 wherein said fluorescent compound is a tris-2» 

2 -bipyridyl ruthenium (II) salt. 

9. The method of Claim 8 wherein said fluorescent compound is tris-2,2 - 
bipyridy] ruthenium (II) chlcmde hexahydrate. 

15 

10. The method of Claim 1 wherein said fluorescent compound is 9, 1 0- 
diphenyl anthracene. 

1 1 . (amended) A metfiod for determining the effects of an antibiotic or 
20 antimicrobial composition on a respiring microorganism comprising: 

(i) preparing a broth of said microorganism: 

(ii) placing said broth in a container in which said broth is 

25 substantially isolated from atmospheric oxygen and placing within said container, 
but not in direct contact with said broth, a sensor composition which comprises a 
fluorescent compoimd that exhibits a reduction in fluorescent intensity, when 
irradiated with light containing wavelengths which cause said compound to 
fluoresce, upon e)q)osure to oxygen, wherein the presence of the sensor composition 

30 is non-destructive to the microorganism; 

(iii) admixing with said broth, a quantity of said antibiotic or 
antimicrobial composition; 

35 (iv) irradiating said sensor composition with Ught containing 

wavelengths which cause said fluorescent compound to fluoresce; 
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(v) measuring or visually observing the fluorescent light intensity 
from said fluorescent compound while irradiating said sensor compound with said 
Ught; and 

5 (vi) comparing said measurement to that of a control wherein said 

control is selected from the group consisting of: a reagent control not in contact with 
a respiring microorganism or the antibiotic or antimicrobial composition, a reagent 
control in contact with a respiring microorganism but not in contact with the 
antibiotic or antimicrobial composition and a calculated threshold, wherein a change 

10 in fluorescent intensity relative to Ae control is indicative of the susceptibility or 
resistivity of the microorganisms to the quantity of said antibiotic or antimicrobial 
composition; and 

(vii) in the event that no such change is measured or observed, rq)eat 
15 steps (iv), (v) and (vi) as needed to determine the effects of the antibiotic or 
antimicrobial on the respiring microorganisms. 

12. The method of Claim 1 1 wherein said fluorescent compound is 
contained within a matrix which is impervious to water and non-gaseous solutes, but 

20 which has a high permeability to oxygen. 

1 3 . The method of Claim 12 wherein said matrix is a rubber or plastic 
matrix. 

25 14. The method of Claim 1 2 wherein said rubber to plastic matrix is a 

silicone rubber matrix. 

1 5 . The method of Claim 1 2 wherein said fluorescent compound is 
adsorbed on solid silica particles. 

30 

16. The method of Claim 1 1 wherein said fluorescent compound is a tris- 
4,7-diphenyH, 10-phaianthroline ruthenium (II) salt. 

1 7 . The method of Claim 1 6 wherein said fluorescent compound is tris-4,7- 
35 diphenyl-l ,10-phenanthroline ruthenium (II) chloride. 

1 8. The method of Claim 1 1 wherein said fluorescent compound is a tris-2, 
1 -bipyridyl ruthenium (11) salt. 
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1 9. The method of Claim 1 8 wherein said fluorescent compound is tris- 
2^ -bipyridyl rathenium (II) chloride hexahydrate. 

20. The method of Claim 1 8 wherein said fluorescent compound is 9, 10- 
diphoiyl anthracene. 

21 . A method for detecting the presence of respiring microorganisms in a 
fluid comprising: 

(i) placing said fluid in a container in which said fluid is 
substantially isolated from atmospheric oxygen and placing within said container, 
but not in direct contact with said fluid, a fluorescent sensor composition which 
comprises a fluorescent compound selected from the group consisting of tris-4, 7- 
diphenyl-l , 1 0-phenanthroline-ruthenium (II) chloride and tris-2, 2'-bipyridyl 
ruthenium (II) chloride hexahydrate, wherein the presence of the sensor composition 
is non-destructive to the microorganism; 

(ii) irradiating said sensor composition with light containing 
wavelengths which cause said fluorescent compound to fluoresce; 

(iii) measuring or visually observing the fluorescent light intensity 
from said fluorescent compound while irradiating said sensor compound with said 
light; 

(iv) comparing said measurement to that of a control, wherein said 
control is selected from the group consisting of: a reagent control not in contact with 
respiring microorganisms and a calculated threshold, wherein change in fluorescent 
intensity relative to the fluorescent intensity of the control is indicative of the 
presence of respiring microorganisms; and 

(v) in the event Aat no such increase is measured or observed, 
repeat steps (ii), (iii), and (iv) as needed to detect the presence of respiring 
microorganisms in said fluid. 

22. The method of Claim 2 1 wherein said fluorescent compound is 
contained within a matrix which is relatively impermeable to water and non-gaseous 
solutes, but which has a high permeability to oxygen. 
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23. The method of Claim 22 wherein said matrix is a rubber or plastic 
matrix. 

24. The method of Claim 22 wherein said matrix is a silicone rubber 
matrix. 

25. The method of Claim 22 wherein said fluorescent compound is 
adsorbed on solid silica particles. 

26. A method of determining tiie effect of an antibiotic or antimicrobial 
composition on a respiring microorganism comprising: 

(i) preparing a broth of said microorganism: 

(ii) placing said broth in a container in which said broth is 
substantially isolated from atmospheric oxygen and placing within said container, 
but not in direct contact with said broth, a sensor composition which comprises a 
fluorescent compound selected from the group consisting of tris-4, 7-diphenyl-l, 10- 
phenanthroline-ruthenium (II) chloride and tris-2, 2*-bipyridyl ruthenium (II) 
chloride hexahydrate» wherein the presence of the sensor composition is non- 
destructive to the microorganism; 

(iii) admixing with said broth a quantity of said antibiotic or 
antimicrobial composition; 

(iv) irradiating said sensor composition with light containing 
wavelengths which cause said fluorescent compound to fluoresce; 

(v) measuring or visually observing the fluorescent light intensity 
from said fluorescent compound while irradiating said sensor compound with said 
light; 

(vi) comparing said measurement to that of a control, wherein said 
control is selected from the group consisting of a reagent control not in contact with 
a respiring microorganism or the antibiotic or antimicrobial composition, a reagent 
control in contact with a respiring microorganism but not in contact with the 
antibiotic or antimicrobial composition and a calculated threshold, wherein a change 
in fluorescent intensity relative to the control is indicative of the susceptibility or 
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resistivity of the microorganisms to quantity of the antibiotic or antimicrobial 
composition; and 

(vii) in the event that no such change is measured, repeat steps (iv), 
(v), and (vi) as needed to detect the presence of respiring microorganisms in said 
fluid. 

27. The mediod of Claim 26 v^herein said fluorescent compound is 
contained within a matrix which is relatively impermeable to water and non-gaseous 
solutes, but which has a high permeability to oxygen. 

28. The m^od of Claim 27 wherein said matrix is a rubber or plastic 
matrix. 

29. The method of Claim 27 wherein said matrix is a silicone rubber 
matrix. 

30. The method of Claim 27 wherein said fluorescent compound is 
adsorbed on solid silica particles. 



31 



W09«n2348 



FCrAIS97/16496 




1/7 



wo 9802348 



PCT/US97/16496 



E E E E E E E 

\ \ \ \ \ \ \ 

3 3 3 3 3 3 3 

H_ .^I .»- H- «•- H- «4- 

o o o o o o o 

r>. <o »n Ki CM 

<<<<<<< 

o o o o o o o 




(N 

I 

o 



o 

UJ 

o 
(/) 

LU 

o 



2/7 



W09S/12348 PCT/US97/16496 




3/7 



wo 98^2348 



PCTAJS97/16«6 




wo 98/12348 



PCTAJS97/16496 




5/7 



wo 99^2348 



PCTA697/16496 




6/7 



W09Sn2348 



PCr/D8»7/16496 




7/7 



INTERNATIONAL SEARCH REPORT 



llMr nalAppOcallanNo 

PCT/US 97/16496 



PC 6 C 1201/04 C 1201/18 



Aceeittngiolrt«»naMoaPaWrtClas8«le«i«niiPC>orto>iaa>n«ilenalda «^ 



FIELDS SEABCHCD 



MimmumdoeumanutiansMUctKd (dassiiealionsyalOTlolowBdbyclassdleationty^ 

PC 6 C12Q 



bocuiiwnlafcnsoaittMdoBwthanminiiTOOT*™^^ 



EtoebortcarlBbaseconsuioilduniigllia Wemational seaiOt (nam* rt data bas» and, «i«iw»p»adieal.»ea^ 



C. DOCUMENTS COWSIDEHED TO BE RELEVAMT 



Catagocy ' 



Citation <« docuniant, wtttindicalioiK iiMWMapprapiiato. ot the 



FMamnllodalniNo. 



EP 0 509 791 A (BECTON, DICKINSON AND 
CONPANY) 21 October 1992 
dted In the application 
see the whole document 

EP 0 333 253 A (AKZO N. V.) 20 September 
1989 

see the whole document 

EP 0 448 923 A (AVL PHOTRONICS 
CORPORATION) 2 October 1991 
see the whole document 

GB 2 132 348 A (THE UNIVERSITY OF VIRGINIA 
PATENTS FOUNDATION) 4 July 1984 
see the whole document 



1-30 



1-30 



1-30 



1-30 



□ 



Further documaitfft ara Mad In trw continuation ol boK C. 



* Spocial categorios of dtid documwM : 

-A* dooumamdaflnlngthagenaraialatoatlhaartwMchtsnoi 

considafad to bo of particutar ralevanoe 
-E* oarfiardocuffMnlbutpubfistwdcnoraflorthointanwtlonal 

filing data 

X' docunei^whWi may ilwowdoUjtaw priority 

^AMt 19 citdd to astdbllshltia puMicaUondaioot anottwr 
citation or othar apodal rMMoniaa apadfiad) 

•Xy document lefanlng to an oral diactoaura. use. axtiiWltan or 



-p* documonipubBBhod prior to Ihatntamaiional tiling data but 
laler man the priority data f- ' 



T lator documeni publtahad altar tho imornaticnal fiHng data 
or priority data and not m oorfHct aritti tha application t>ul 
diadtoundaratandthaprinc^laorthaoiy undartying ttw 
invantlon 

■X" documeni of partfculaf relevance: the claimed inwemlon 
camot be coneklared novel or cannot be coneidered to 
involve an mvenUva step wtwn ttw document » taken alone 

•V document of particular lalavanca: the daimad invention 
cannotbeconsMarodtoinvoKraanlnvanthM step vmen the 
doctjment la connbinad wtth oria or niora other auch dooi- 
nwnta. fiueh oornbinatlon being obviouB to a paiBon aklad 
in the ait 

'BT document member oi the same patent family 



Dale or the acbial Gomptalion 01 thaMamaiionalaaarch 

7 January 1998 



Nama and mailing addfaas of the ISA 

European Patent Omoe, P.a 5818 Patandaan 2 

t4L-2280HVRI)awip( 

Tel. (♦31-70) 340-«)40. T>l 31 851 apo rtl. 

Fax: 1^1-70) 340-^18 



Data ot maUing of the international search report 



15/01/1998 



Authorized officer 



Griffith, G 



FMnPCT/IS*eiO(Mii»l*M0tMy IMa 



INTERNATIONAL SEARCH REPORT 

.lOmwUoo on pctont fwHly (Mmbon 



Patent document 
cited in search report 



Publication 
date 



Intar n«l Appflc«tloo No 

PCT/US 97/16496 



Patent family 
meinber(s) 



Publication 
date 



EP 509791 



21-10-92 



EP 333253 



20-09-89 



AU 


647609 


B 


24-03-94 


AU 


1482992 A 




CA 


2066329 A 




DE 69211895 0 




DE 69211895 T 




JP 


2052011 


C 




JP 


5137596 A 


A1 AC AO 

01-06-93 


JP 


7073510 8 


An AO OF 


US 


5567598 A 


22^10-96 


us 


4945060 


A 


31-07-90 


AT 


126267 


T 


15-08-95 


AU 


631533 


B 


03-12-92 


AU 


3128889 


A 


21-09-89 


CA 


1339512 


A 


28-10-97 


DE 


68923720 


D 


14-09-95 


DE 


68923720 


T 


An 

08-02-96 


DK 


123889 


A 


16-09-89 


ES 


2031807 


T 


16-12-95 


IE 


67634 


B 


17-04-96 


JP 


2016965 


A 


19-01-90 


KR 


9703150 


B 


14-03-97 


US 


5094955 


A 


10-03-92 


US 


5164796 


A 


17-11-92 


US 


5162229 


A 


10-11-92 


US 


5217876 


A 


08-06-93 



EP 448923 A 


02-10-91 


AT 132537 T 
DE 69024631 D 
DE 69024631 T 
US 5372936 A 


15-01-96 
15-02-96 
19-09-96 
13-12-94 


6B 2132348 A 


04-07-84 


CA 1261717 A 


26-09-89 






DE 3346810 A 


26-07-84 






FR 2538550 A 


29-06-84 






JP 1933506 C 


26-05-95 






JP 6043963 B 


08-06-94 






JP 59170748 A 


27-09-84 






US 5030420 A 


09-07-91 



Ram PCVISAOIO Mm tmir mw^ Mr 1982) 



